ers (7 of the 8, one-tailed P=0.035, sign test). This testis size-mating system relationship is convincing given the number of ways that masking variability could have been introduced into the data set. These include among-year differences in the timing of breeding, among-male differences in breeding status, amonglocality differences in breeding phenologies or even breeding systems (Calidris alba is serially polygamous in the Canadian arctic [15] , but monogamous in Greenland [16] ), and the possibility of migratory individuals being included in the sample. None of these considerations, though, is likely to bias the trend in any systematic fashion. Sexual selection resulting from increased testes use, then, can account for males of sandpiper species with non-monogamous breeding systems having relatively larger testes than would males from monogamous sandpiper species. This result can be explained solely on the basis of opportunities to mate with different females in a breeding season, without invoking sperm competition. Clearly, careful documentation of the relative incidences of sperm competition and simple sperm depletion in wild bird populations would be of great value.
To amass these data required the cooperation of many individuals and institutions. For sharing their own field data, I am most grateful to P.S. Tomkovich and R. Gill Recent studies have shown that steroid hormones modulate circadian timekeeping processes in mammals [1] . Furthermore, the neuronal structure of the suprachiasmatic nuclei of the hypothalamus, which are essential for the generation and entrainment of circadian rhythms, appears to be sexually differentiated [2] . Although this morphological dimorphism is suspected to cause sex differences in the circadian control of various functions, only few studies have addressed this question [3 61 . The present study supplies information supporting an obvious sex difference in the daily pattern of locomotor activity in laboratory rats. Ultradian rhythms, which have been found to be genetically fixed in two inbred strains of rats [7] , are also sex-specific. They w.ere observed in male animals of these strains. The females failed to show any ultradian rhythmicity.
Adult male and female rats of the inbred strains BH/Ztm (3/~, n = 6) and LEW/Ztm (c~, n=12; 9, n=ll) were bred in our laboratory on a light-dark cycle of LD 12:12 under controlled environmental conditions (room temperature 22__ 1 ~ relative humidity 55_+5%). Locomotor activity was measured continuously for 10 days with an electronic movement analyzer [8] . The animals were individually kept in polycarbonate cages (55 x 33 x 20 cm) with free access to food and water. The periodicity of the activity patterns was examined using the "generalized harmonic spectral analysis" [9] , which is based on the calculation of an autocorrelation function, and the "chi-square periodogram" [10] , which is a modified version of Enright's periodogram. The locomotor activity patterns of a typical male and a typical female rat of the inbred strains LEW/Ztm and BH/Ztm are compared in Fig. 1 . A1-though all animals were nocturnal, the most obvious differences between strains and sexes were apparent during the dark period. The LEW and BH females exhibited a more or less constant level of activity during the dark period, while the males were characterized by a trimodal (LEW) or bimodal (BH) activity pattern. These activity distributions give rise to ultradian frequencies of 4 and 4.8 h period length for the LEW male and 4, 4.8, and 6 h period length for the BH male. In the activity patterns of the BH and LEW females only a weak 12-h rhythm, but no ultradian periodicities were detected by either data analysis method. This sex difference applies equally to all animals of the particular strain. As the harmonic spectral analysis allows pooling of spectral estimates of several Fig. 2 . Pooled spectral analysis of locomotor activity within both sexes of the inbred strains BH/Ztm, and LEW/Ztm. The 95% confidence limits of the spectral estimates of n animals are plotted as vertical lines individuals, animals of the same strain and sex can be grouped together and the groups compared with each other. The pooled spectral analysis of both male and female rats of the two inbred strains are shown in Fig. 2 . Differences in the amplitude of distinct spectral estimates were examined with Student's t-test. The BH strain showed significant sex differences in regard to the 24-h component, the 24-h component of the females (S' = 839 _+ 212) being twice that of the males (S'= 395___235). Moreover, the spectral analysis of the male BH rats included ultradian components of 12h (S'=331_144), 6h (S' = 323 4-271), 4.8 h (S' = 278 __ 199), and 4 h (S'= 179_ 90) period lengths. The amplitudes of these periods were significantly higher than corresponding amplitudes in the spectrum of the BH females. The spectral analysis of the LEW strain showed a 24-h component which did not differ significantly between males (S'=584_+132) and females (S'= 483 4-164). Additional ultradian components of 4.8 (S'=311 +_92) and 4 h (S'=225_135) period lengths occurred only in male animals. Sex differences in the daily pattern of locomotor activity were observed in two inbred strains of laboratory rats. The amplitude of the 24-h rhythm was significantly lower in male rats of the BH strain than in females of this strain. Although this observation is limited to only one strain, it supports earlier reports which suggested sex-related differences in the circadian system of the rat [1, 3, 4] . Female rats have been found to show daily rhythmicity in neuroendocrine functions, related to the timing of ovulation, not seen in males [3] . Females, likewise, have a higher plasma corticosterone concentration peak than males [4] . Since ultradian rhythms in locomotor activity were observed only in male animals of the LEW and BH strains, the data additionally indicate that ultradian rhythms in locomotor activity are sex-specific. Ultradian rhythms are known to exist in laboratory rats [11, 12] , and it has been shown that their existence is connected with a distinct genetical background [7] . Causal and functional analyses of ultradian rhythms, however, have only just begun. Measurements performed on rats of the BH and LEW strains under continuous light conditions confirmed the assumption of an independent ultradian oscillator which causes activity rhythms in the LEW and BH strains [7] . Other authors [13] , however, suggest that ultradian rhythmicity reflects the activity of several circadian oscillators coupled to one another in various phase relations (i.e. 4.8 h or 4 h apart). The known multioscillator structure of the pacemaker system provides several possibilities concerning the specific nature of the observed ultradian rhythms, which might also result from the different hormonal environments of the sexes. Testosteron, for instance, plays an important role in the circadian organization. This is suggested by the observation that in starlings testosterone provoked "splitting" of the activity rhythms into two components, which temporarily free-ran with different circadian frequencies [14] . Testosterone may, therefore, be involved in the coupling of circadian oscillators controlling the rhythm of locomotor activity. A recent report on female hamsters also indicated that gonadal steroids may play a role in synchronizing a multioscillatory circadian system. In this particular study, however, splitting was associated with low estrogen levels [15] . As is the case with many other sexually differentiated behaviors [16] , the hormonal environment during a critical stage of development determines how the adult circadian system will respond to hormonal signals [5, 171. Further studies are needed to understand the nature of ultradian rhythms and to determine the extent to which the difference between male and female rats may depend on the adult or perinatal hormonal environment. 1-s trains consisting of 0.5 ms square wave pulses of about 100 gA at 100 Hz for 10 to 20 s applied randomly during a period of 90 min. The stimulus procedure should prevent effects related to neuronal adaptation and conditioning. The neural activation pattern was basically opposite to the one obtained during MS222 anesthesia (Table 1) , but resembled the telencephalic activation pattern obtained during prey catching and predator avoidance behavior (Table 1). As a direct stimulation effect, the 2 D G uptake in the tegmental reticular formation was relatively strong. Glucose utilization in the medial pallium was bilaterally suppressed, but bilaterally increased in the striatum (Table 1).
Experiment 3: Toads under MS 222 anesthesia were stimulated electrically
The brains of behaving toads show a distinct and distinguishable metabolic activational pattern in response to prey, non-prey, and predator key stimuli, respectively, as revealed by the ~4C-2-desoxyglucose (2DG) autoradiograph method [1, 2] . Due to its novelty character each stimulus presentation arouses the animal. Interestingly, the medial pallium (MP) showed a significant suppression of 2 D G utilization during repetitive stimulation, whereas the striatum (STR) and the tegmental reticular formation (RET) indicated a significant increase in 2 D G uptake (Fig. J A, B) . Since unstimulated control animals in homogeneous environment showed an increased 2 D G utilization in the MP accompanied with a decrease in the STR (Fig. IC) , we conducted three types of experiments in order to decide whether activity in MP is related to arousal.
Experiment 1: Toads Bufo bufo
were anesthetized by MS222, and injected with 2 D G (15 g Ci/100g bodyweight; for methodological details see [1] ). The brains of all investigated animals displayed the same pattern of 2 D G utilization. Strikingly strong 2 D G uptake was found in the entire medial pallium ( Fig. 1 Da) ; no uptake was found in the tegmental reticular formation and the striatum (Table 1) .
Experiment 2: After paralyzing toads by lymphaI application of succinylcholin they received a bolus of 2 D G and were stimulated electrically in the left tegmental reticular formation by Fig. 1. A) Coronal section at the level of the medial telencephalon. After receiving a t4C-2DG injection in the caudal lymphatic sac, the toad was binocularly stimulated with a moving large square (predator key stimulus). The STR shows a strong uptake, the ventreal portion of the MP a very low 2DG uptake. For abbreviations see Table 1 . The photograph depicts a computer-processed autoradiograph with the regional distribution of radiation. B) Coronal section at the level of the cerebellum. The RET shows strong uptake of 2DG during binocular stimulation with a worm-like moving stripe. C) Coronal section roughly at the same telencephalic level as in A). This control with intact eyes did not receive any specific visual stimulation in an otherwise identical environment. The ventral portion of the MP shows a significant increase of 2 DG uptake in comparison to visually stimulated animals. The striatum did not show increased 2DG uptake. Da) Original autoradiograph image of a coronal section roughly at the same telencephalic level as in A) and C). The toad was anesthetized with MS222 (cf. Experiment 1). The uptake of the entire MP was strong whereas the striatum showed no 2DG uptake. Db) The toad was anesthetized by MS222, and received electrical stimulation in the RET (cf. Experiment 3). Both the striatum and medial pallium show little or no 2DG uptake
